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Abstract - Major- and trace-element concentrations and strontium isotope ratios (strontium-87/strontium-86) in samples of 
ground water potentially can be useful in delineatingflow paths in the complex ground-water system in the vicinity of Yucca 
Motmtain, Nevada. Water samples were collected from boreholes to characterize the lateral and vertical variability in the 
composition of water in the saturated zone. Discrete sampling of water-producing intervals in the saturated zone includes 
isolating borehole sections with packers and extracting pore water from core obtained by sonic drilling. Chemical and iso- 
topic stratijcation was identijed in the saturated zone beneath southern Fortymile Wash. 
1. INTRODUCTION contamination of pore water in the core by drilling fluids. 
The U.S. Department of Energy (DOE) and Nye 
County. Nuclear Waste Repository Project Ofice 
(NWRPO) have drilled numeroils boreholes in the vicin- 
ity of Yucca Mountain, Nevada, site of the proposed re- 
pository for high-level radioactive waste. The U.S. Geo- 
logical Survey' (USGS) analyzed ground-water samples 
from many of these boreholes for major- and trace- 
element concentrations and strontium (Sr) isotope ratios 
(87Sr/86Sr). The NWRPO, through the Early Warning 
Drilling Program (EWDP)', drilled boreholes downgradi- 
ent and across the generally accepted north-to-south 
ground-water flow paths from Yucca Mountain (Fig. 
Establishment of baseline geochemistry of the saturated 
zone (SZ) at and around Yucca Mountain augments the 
understanding of ground-water-flow pathways and SZ 
transport processes. 
11. SAMPLE DESCRIPTION AND 
ANALYTICAL METHODS 
A better understanding of ground-water flow and 
transport results from improved methods of isolating and 
collecting water samples. Open-hole ground-water-sam- 
ples represent a column of water that is mixed in propor- 
tion to the amount of ground-water flow in each of the 
units penetrated by the borehole3. Ground-water samples 
from packed-off intervals in boreholes represent water 
from discrete aquifer layers. Despite preliminary pumping 
before collecting water samples from each isolated inter- 
val, the geochemical data on periodically sampled inter- 
vals indicate some inhomogeneous mixing in the bore- 
hole3. In addition to conventional drilling, core samples 
Multiple-borehole complexes, Site NCEWDP19 and 
Site NCEWDP22, located adjacent to southern Fortymile 
Wash (Fig. I), have boreholes (19D, 19PB, 22S, 22PC, 
and others) equipped for collecting water samples at dis- 
crete depths. The water table in this area is located in the 
alluvium, and most of the samples discussed in this paper 
were collected from the alluvial aquifer. One borehole at 
each site (19D and 22s) is equipped with multiple pack- 
ers, which allows samples to be collected from the iso- 
lated, screened intervals in the borehole (Fig. .2). Borehole 
19D is equipped,with seven screened intervals, of which 
Sr data are available only for intervals 1 through 5. Land- 
surface altitude of borehole 19D is 818.9 meters (m) 
above the National Geodetic Vertical Datum of 1929, and 
the water table altitude is 711.8 m'. Despite the 77.7 m 
distance between borehole 19D and 19PB, borehole 19PB 
has similar values for land-surface and water table alti- 
tudes. Borehole 22s is equipped with four screened inter- 
vals and has a land-surface altitude of 869.1 m and a wa- 
ter table altitude of 724.4 ml. At site 22 borehole 22PC is 
separated from 22s by 25.5 m and has similar land- 
surface and water table altitudes. 
After using conventional techniques to drill from the 
surface to near the water table in boreholes 19PB and 
22PC (Fig. 2), core from the SZ was obtained by sonic 
drilling. About 80 m of sonic core from borehole 19PB 
and about 90 m of sonic core from borehole 22PC were 
collected, and selected portions of each core were sealed 
in polycarbonate tubes for geochemical analysis. In the 
laboratory, pore-water samples were extracted by ultra- 
centrifugation of selected portions of about I -m intervals 
were collected for the EWDP using sonic drilling to aioid 
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